
1
J.

,.-. ,,. .-
‘i“,“ CLAM.FlmDOCUMENT

“g$a&w#lMey<t&ssp&.p19‘ ~

kmeaning of the~Pions=A t,1.1:
1!s Gansmiwtonor & rcv,la on of ita~
*y mantxr to an”unrmtkrized erarmkm-mh
iaw. lntormatmnao claauifxd
to Demonsin tbe militat-vand

*

Unikd_State+npproprktecivili. . Fernendemployees
of theFederalGovernmentwhohavea Iegkimata‘mtemat
therein,andtoUnitedStatescitizensofknownI and
dbcretionwhoof ‘%%ncccaaitymustbeinfoimedt ,

KEOHNICfALNOTES

NA910NALADVISORY COMMITTEEFOR AEROKAU91CS
,..

,- -. .
.. . . .

Ho. 852

. ..-— —
. . .- ...-— —

—._. —

-_—

— -.. .-. —-.— —-

.

..*
.— ..=. —-.-—r—

XI’FEC!i!SOF RANGE OF STRESSAND OF SP3CIAL NOtiCH135
-..--.—.

ON FATIGUEPROPERTIESOF ALUMINUHALLOYS

SUITABLEFOR AIRPLANE PROPELLERS

By Thonas J. Dolan
..

Universityof Illinois

--l

Washington
June 1942

—.
. .



-.

L.

‘.. .. .

NATIONALADVISORY C?OMMITT%E-ZORAERONAUTICS

TECHNICALNOTilNO. 852 .- .

EFFECTS OF IL&NGE0)?STRESSAND OF SPECIALNOTCiiES

ON FATIG~E PROPERTIESOIFALUMINUM ALLOYS

SUI!UABLEFOR AIRPLANE PROPELLERS

By Thomas Jo’Dolan .

SUMMARY

Laboratorytests were made to obtain information,_on
the load-resistingproperties of X76S-T aluminum a~y
when su%jectedto static, impact, and repeat-6d.loatis.
Results are presented from sta~ic.loaatsst-a‘“t”~-unnotched
specimensin tension and in torsion and of notched speci.-”
mens in tension.,. Charpy impact values o%tainedfro~.Bona

* , tests on notched specimensand tension irnp&cTi’v&lutisfor” .
both notched and unnotchod specimOnstost”bdaiw~~~a~
differenttom~eratures&ro included.4 l!hccnt~-~fi-~o~~iii=
its o%tainodfrom repeatedbonding fatiguo tests mado
on three ‘&i.fforenttypes of testing machino a$o g“i%~nf“oti
unnotchedpolishod spccimonsnand the er?durance”lim”%tsof
notched specimenssubjectedto six-differeg.trange-sof
bending stressare also reported. ..... . -.

...... ..._. - —.-
l?heresults indicatedthat: (a) polis~ed rectan&ilar

specimenshad.an endurancelimit about 30 Teticeri%le’s$--than
that obtainedfor round specimens; (b) a comparisori&f =n~-
durance limits obtainedfrom tests on three-differenttypes
of machine indicatedthat there was no apparent“effectof
speed of testing on the endurancelimit for the rarigeo’f
speedsused (1,750 to 13,000 rpm); (c) the fatigue strength
(endurancelimit) of the X76S-T alloy was grti-a~-~-decreased.
by the presence of a notch in tho specipens; (d’fno com-
plete fracturesof the entire specimensoccurreain notched...—
fattgue specimenswhen subjectedto stres~”-~”y~a”s”’forwhich
the IIleanstressat the notch during the-cy~e i~as‘a‘c!”5mQ-”-
pressi.vestress;for this test condition,a microscop~c “—
cracking occurrednear the root of the notch“andwas ti&e”d
as a criterionof failure of the specimen;(e) as the “mean
stress at the notch was decreasedfrom a tensile (+) “stre$s
to.a compressive(-) stres~,it was found that the alk8r-
nating stress that could .be “Superimposed On the mean stress
in the cycle without causing failure of the specimenswas
increased,.
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2 NACA TechnicalNote No. 852

INTRODUCKI!1OII

Altihoughthe fatigue strengthsof mo~t of the common-
ly used wroughtaluminumalloys as determinedllylabor-
atory tests of polished specimensare fairly well known,
little informationseems to be availabledn the relative
notch sensitivityof these alloys, especiallyfor conili-
tions in which the stressesdo not occur in completelyre-
versed cycles- I’orapplicationsof aluminumalloyi in
servicein a member such as a propellerblade, small
notches are oftenproduced in the polished surfaceof the
%lade by stonesbeing thrownup in the backwash of the
propellerduring a take-offor when taxying on the field.
These notchesact as very dnmaging stressraisers tn the .-
membcr.

The observedstressesin airplmnepropeller%lad.os
have been found to vary over wide”ranges in dtfferent
portions of the blade but usually are stressesof the tYPO ‘ “:
that might be representedby a c.om-pletelyreversedalter- ●

nating stress superimposedon a steady stress in whi-c-hthe
steady stress 5s usue,13.ya tensile stressthat may be e3-
ther larger or smallerthan the maximum nagnitud%of the F
superimposedalternatingstress. However, in some cases
the significantstressesin a member may occur at a 8ec-
tion for which the mean stress in the cycle is a compres-
sive stress;hence, for design purposes,it is nocossary
to know what maximum alternatingstressesmay bo superin-
pofiedon either tensile or.compro~sivemean str.c3sso6of
various magnitudeswithout causing failure of the notched

—

meml)er.

The main purpose of the tests herein reportedwas %0
determinethe flexuralfatigue strengthsof notched speci-
mens of Q aluminumalloy, designatedX’76S-TSwhen sU~~ec*-
ed to six differentranges of stress in ordinaryLabora-
tory fatigue tests and to comparothese values with tho
fatigue strengthsof polishod (umotchcd] spocimunswith-
out abrupt change in sectian. The slloy X76S-T was thought
to be weZl adapted for use in airpl~nepropellorblades.
I’or?iorecomgleteinformationOn the other mochanlcalprop-
erties of this metal, tests were also mado to obtain.tha
ordinarilydotorminodstaticand impactproperties. It

.

is planned to oxtond the program of tests to inaludo tho
aluminumalloy 25S-T, which is also a high-strengthalloy
used for airplanepropollorblades- .- .-——.
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Tho tests hor~in reportedwore mado in cooperation
with the Eamilton StandardPropellerDivision of United
Aircraft Corporation,w-hichcomptiny“p&ocuro&thQ material
for test and machinedmost of tho sp-ecimcns.Tunds woro
supplioclby tho NationalAdvisory Committeefor Acronau--
tics to cover tho cost,of making th_otests.

MATERIAIIAND METHODS 02?TESTING

~ype~ of tos**- ghrcc typos of test woro mado On
X76S-T aluminumalloy to determine“the“ofdinaYymechanical
propertiesof the materialas well as the fatigue strengths.. These tests may he outllnedas follows: -.. -.

1. Static tests were made of notched and unnotched
tensile specimensand Of unnotched torsion specimensto ‘de-.
termine the strength,““thestiffness,and the ductilityO-f
the metal. The term ‘unnotched~;will be used throughou~

* this report to designatospecimenswithout an a%rupt change
of section”in the portion undc?rtost~

d 2. Impact tests wore made of notched and unnotchod
tensile specimensa~d of-’stanati”iarioichodCharpy bonding
imyact specimens,at ordinaryroom temycraturosand at iOw
tompcraturosyto givo some‘indicationof the rolativonotch
sons$tivityof tho materialund.6rsuddenlyzip@licdlbads~

3. Rcpoatod load (fatigue)tgsts WOiO made in three
typos of testing mach~no,namely: (~) Eigh-speedrotaf=
ing cantileverbeam fatiguemachinesusing (small)O.1~- .
inch-diameterround specimens; (b) Krouse rotafin~“canti-
lever learnfa%igue machinesusing sy~~cimens0.26 inch in.—.
diameter;and (c) Krouse flat-plate fatigue-iazi~hfiitis-that
sutjected.both round and rectangulq.r-s~s-cinensto”5-v-S-b&a-
*torybendingaction withoutrotat-ingth-e=te~~.p~~.-=oth
notched and unnotched“specimenswe~~‘test’tid”i= t~”6—vfbra-
tory bendingand tho Krouse cantifitier””hean-f~~~~.m~--“---––

4 chines; whereas the high-speedrot.iif-ffig-%eanmath-ifiesha-ve
been used only to determinethe endur”ahc~-limiiso~~o~ished
specimens

v..
4. Material and test specimens.-Thc aluminumalloy

tested was originally”designatedK-68 and is now ~o~~s—
X76S-T-. The chemical composition-ofthis alloy is-as‘fol-
lows: ,. ..... —

.—-
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PeaCent

Copper 0.6

zinc 7.6

Magnesilln 1.6

Manganese .5

Titanium .1

Iron .5

Silicon ●25

Aluminum balance

e.

1

All specimenstestedwere from the same heat of metal
that was reduced,3Y the latest methods of processing,to
bars 1 inch square,which were subsequentlyswaged in a +
patr of swagingdies to 1 inch dianeterround. The bars
were then given a solutionand precipitation”hardening
heat treatmentby holding for 10 hours at 8$0° F, quonch- ●

ing in water, and aging for 12 hours at 275 F.

Tho details of tho spocimonsused for the ordinary
statictonsilotests to detorminotho physicalpro crties
of tho annotchea specimensarc !’shown in figuro l(a , and
tho typo of notchod spocimonused in.tho statictonstlo
test is shown in figuro l(h). Three specimensof each o+ “—-a
these two types were test”edin an Arnslerhydraulicuniver-
sal testingmachinehaving a capacityof 50,000pounds. .
Additionaltests were also made on tensile specimenshav-
tng the same nominal di.aneteras that in figure l(a) bU.t
having an over-al~length of about 9* inches so that a 6-
inch gage length could be employed. The originalbars as
receivedwere too short to allow the machiningof a satis-
factory specimenof the m~e standard8-inch gagQ l~ag~ht
and it was deemed desirableto to-stspocimonswith a “w
longor gage length to obtaina moro.accuratevaluo for mod-
ulus of olasti,cityof the alloYo . .-

In figure l(c) is shown tho tyyo of spc)cimonueod to
-..-*

datorininotho static torsionalproportionof tho ma@ri-
al● Tho tensionimpact spccimonshown in figuro 2(a) was
polished with No. 00 cmory paper afldtho diamotor of tho
spccimonnear tho contor was roducoda%out 0.005 inch 10SS
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than at the ends to insure hieaking in the 2-inch gage
w lengths. .—

The notched tensile impact spocimonshown in figure
2(b) containeda notch machinedwith a carefullygr5~
‘GOol

4
bat was chcbked for accuracy of shape hy examining

-.
in”a otallurgicalnicroscopoat 100X- This notchdd im-
pact specirnonwas geometricallysimilarto that tifthe
notchedstatic tensile sP6cimonin-figurel(b). The
notchod bending spocsmenused was the standardChar y im-

.7pact specimen of tho,dimensionsshown in figure 2(.c. .— ..
The types of specimenused in tho ,rotating-beamfa-

tfgue machines&.reshown in figuro 3 and those tested in -—

the vibratorybending fatiguemach%ncs are shown iri_figU
uro 4. The specimenswithout abrupt chimgc df soctioh”
(3(a),3(b), 4(a), ~(b)) ~oro all polishod longitudina~~
with No. 00 emery paper and oil to romovc tool marks an~
circumforonti&l.scratchesbefore testing. All these spec-
imens were polished by one man to a“ssureuniformityin ‘-

* the polishing operations. The notched specimens(3(c)
and 4(c) were cut-with-carefullyground tools to assure
uniformityin depth, angle of the V--aotch,and ra”d{tiSat

* the root of the notch on all specimenstested. Three
faces of the notched specimenin”figure 4(c) were polishe~
longitudinally;the root of the notcha@ the face cofi-
taining the notch were left in the originalmachined con- -.

. ditioll.
— .- ->-z_.____

.-,, --—
. The nominal stress in all fatigue.sQeqimenswas cal-
culated,byusing.the ordinaryflexur.ef-crrau~a,.s = Me/I,
in which s is the flexuralunit strqss (lb/sq ill.)y ~~
is the bending moment at the criticaltest secfioii(in.-lb),
c is half the depth of the specimen (in.), and Z. is the
moment of inertia of the net cross-sectionalarea (in_.).
For the speciaenscontainingnotches, the values of $trQs5
giVOn in thts report ~e those at tho root of the notch
conputed.hy the fnregoingfornulausing tho values or “d:”-
and I for the wininuticross-~qct~o.nal&eQ. .—

Tho tests of rotating-beaqfat.iguospecimensworo —
$ mado in,two Krouse, 120 inch-pound’capacity,cantilever

machines of the-typo.shown iq fi.gu~.~.5, whfc”hwore GpoY- .-.
atod at 6000 rpn. ,Also.onployodweto throo small high-:
spood cantilcvorbeam macb-incsof the .tyyeskown in fig-
uro 6 that were run at 13.,O@Orpti,,

The vibr~torybending fatigue tests were nade in S~X

—
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Krouse flat-plate”fatiguti””machfnesof the type shown in flg-
Ure ‘7* In the operationof those machinestho spocfmonis #
clampedin tho viso V ‘withtho clamp O and tho pin P
romovod. Dead weights requiredtO produce the desired
stressesare then”suspendedfrom the beam at P, nnd tho “

‘deflectionsof tho beam are road on tho dial D. The
clamp C and tho pin P are then replaced;the occontric
cam E is adjustedto gi~o tho dosirodaltornati,ngpart
of the load; and the ViSO is adjusted by moving vortical-
Iy with the adjustingnuts N to produco tho roquirod
suporimposodsteadypart of tho load. The final adjustment
is obtainedand the motor ~S startedafter the maximum and
minimum readings of the dial D correspondto those ob-
tained by using dead weights. During a test this calibrat-
ion f-cmstresswas peri.odi,callyrepeatedtO prevent change
of stress due to wear or looseningof grips, but usually
only small adjustmentswere found necessaryduring the
progress of the tests.

RESULTS OF TESTS ..

Static tests.-Lowor portions of the tensile stress-
strain curves for three unnotched specimansof X’76S-Talu- *
minum alloy are shown in figme 8, and a typical comploto
stress-straindiagram is shown in figuro 9. The results
of theso three static tonsilotests on a 2-inch gago length
and throo tests on a 6-inchgage lengtharo tabulate.dIn
table I. l!hetensile tests were carriedout in-accordance
with reference-1. It was at first suspected.th~ziperhaps
the exceptionallyhigh ratio of yield strengthto ultimate .
strength (see last column of table 1) may have been due to
a cold working of the metal subse~uent~ the~iginal heat
treatment. However, severalbaxs of the alloy were given
a heat treatmentto r~move any effects of cold working,
and tho average results of sovoraltonsilo tests on thoso
troatod bars gavo yaluos almost identicalwit-hthoso for
tho spocimonslisted in t~.blo10 gho heat troatmonti=on.
sistod of heating 4 hours at 600~ F and cooling in tho
furnace,heating10 hours at 860 F, quonchi.ngin water,
and aging 12 hours at 260° 3’.

Tho avoragc valuo of”modulus of elasticityfor all
tcnsilo spocimonstcstod was about 9,’700,000pounds por
squaro inch. This valuu may IJOsomewhattoo low, howovor,
sinco tho 2-inch g.agolongt’hsused on somo of tho epoci-
mons arc too short to obtainaccuratorosultst A moro ac-
curate VCLIUOwould @grha,psba obtainodby using tho avor-

.
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age value 9,790,000pounds per square inch
specimenstested on a 6-inch gage length.

‘7

for the three

-4. -,. ---—.

The 3rinell hardness of the X76S-T alloy tested aver-
.—

aged a%out 1+6 (using 500 kg load and 10 mm ball). This
value is much higher”than the hardness of the otherpre-—-

cipitationhardeningaluminumalloys~ which usually r=nge.
from about 100 to 1,30in Brinell hardness-. ‘“- ‘--‘-–. .._ -.

The greaterportions of the tensile stress-strain:.
curves for notched specimensar=-shownin figur”e-’~mzand
the results of these three individualtests are listed in
table 11. A set of averagevalues obtainedfrom yreVious
tensile tests of notched specimensof a.structuralsteel
are shown in the last column of tablo‘1”1‘forcom~arison
with the values obtainedfor X76S-T alloy.- It will be
noted that the rolativo ratios of strcngtlis”fit~inod for
each material are of a.mproxi,inato.ly the same magni~udeox-——

copt for the higher ra~io of yio~d str”en~thto ultimate
..—....—

stren@h exhibitedby thesluminuaalloy.
.—

The intro~u”c”--
0. tion of a notch in specimensof the aluminum alloY also

cause& a much greaterproportionateloss in percentage -
elongationthan did a notch (of s-harperradius) in speci- -

* mens of structuralsteel. -r
—. Static torsion”tests were made of three solid.speci-

nens (of the type shown in fig. l(c)) and the lower ~~r-–= -“
tions of the torque-angle-oftwist curves fo-iFSi%setests
are shown in figure 11. The instrumentusOa in these
tests did not have sufficienttravel to continuere~~ngs “-‘:

J to relativelyhigh angles of twist and thoroforoit was
impossibleto d.etorminothe yiela etren’gthsof theso s_pGc-
imens for very largo amounts of offsot. Honco tho–yield
strengthsLave been determinedfor 0.05 percent offset-—.
and these values, togetherwith..the other commo~lY~afier- “
mined physical strengthproperties of the specimenstested
in torsion, aro listed in tablo 111. %or ccmsparisoti”with “-—
theso value’sthQ yield strengthsof‘the sp~~imonstested
in static tensionwero also detorminodfo-r“0.05per”c.on~
offset as well as for the more conmonlyusociValuo of O*2
porcont offsot. It will ho o’bsorvcdfrom tho datashown
in.tahlcs”I and 111 that this metal has”vory high yield

.

strengthsin comparisonwith its ultizmtc tonsilo strength
or torsionalmotiulusof ruyturo and that tho numarical
value of the ultimate tensile strengthof “thismaterialiS
somewhathigher than id usuall,yobtained.for heat-treabed
specimensof most of the contionly‘used,wrought-aluminum
alloys,
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Impact tests.-The t.ensib impact tests were made in a
standardCharpy machinehaving a &apacityof 223 foot-
pouuds by employingspecialauxiliaryspecimengrips con-
taining sphericalseats th~ were designedto minimize
tending or eccentricloading on the specimenduring test.
To~sllc impact tests weremade both at room tempetiture
71 1?and at a low temperature(-40°F) since it was felb
that any changein proye~tipsof the metal which would be
inducedby low temperatureswould be of importance.

Cooling of tho epecimcnto-the low tcmporaturowas
accomplishedby immersingtho pendulum,tho test spocinon~
and the attachedholdors in a bath of acotono containodin
a specialinsulatedbox. Tho ontiro bath was coolodby
addiug dry ico until the dcsirod tomporaturowag obtainod
and *ho bath was than mai.ntainodat this tomporaturofor
at least 5 minutes boforo testing tho spociHcn. Previous
calibrationtests in which readingsworo taken on sovciral
thmrmocouplosattachedto a specimgnindicatedthat this
interval of timo was sufficientfor thcso small spocimons
to roach a uniform tomporaturo.equal to that of tho bath.
In tho porformancoof tho actual test of tho spocimononly
about a 4-second time intervalelapsed%Gtween the ronovd.
of the box containingthe coolantand the act- fractur-
ing of the specimen;hence it–was felt ti~att-h~tempera-
ture of the specimendid not change appreciablywhile test-
ing since it was surroundedby relativelyheavy masses of
metal cooled to the same temperatureas the bath.

The test data showingthe energy requiredto rupture
each sp6cimentested and the averagevalues o.?ltai.nedfor ●

each $jroupof specimensare shown i.ntablo Ix for t-hetcst~
at 71 F and in table V for the tests at -40”-F. For yur-
posos of comparisonone may regard t-heenergy required—to
rupture tho unnotched specimens(column3) as indicativeOP
the impact strength,and the percent.agoof elongationand
reductionof area (columns6 and 9) as mOaSuroS of tho
ductilityof the materialunder these conditionsofitos~-
ingG A comparisonof tho values obtainodfor notchod spoc-
iinonswith thoso for..unnotchodspocinons(SCO columns 5 and
8) gives a rough moasuro of tho notch sons$tivityof tho
metal under rapid loading;it shouldbc notod, howovOr~
that the not-chodspobimonsof X76S-T alloy had a,srnallor
minimum.di’amctortihantho unnotchod spocimonsand honco
would bo oxpoctodto havo e somowhatsmaller strength.

.

t

l?ora rough comparisonwith the valus for X76S-T
alloy listed in tablo IV, thorc is includeda sot of data
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on ordinary structuralsteel tested under similarcoqd.i-
tions. If allowanceis made for the fact that the un-
notched steel specimenswere somewhatsmallerin diameter
than those for the X76S-T.a-lloy,it may”be seen that the
steel required.considerablymore energy to rupture than
did.the aluminum-alloyspecimensthough the relativeratio
of end~gy ah.sorbed%y the notched specimensas compared —
with that for the unnotched specimens(listedin column 5)
would pro%ablybe about the s~.mefor these two-metalsif
the same sizo specimenshad been used. .—.-. _

‘Thoaverage energy absor~odby Q specimenstested
at -.40°F (see column 3 of ta%le V) is.,bolowthat for tho
spocimonstested at 71° F; howovor, the first ‘twos“peci~
mons in colunn3 show & abnormallylow val”uoof energy
absorptionprobably ctausod%y their breaking at tho end
of tho gago length. If thoso two si@o-cimdn”sa-footi”ittcd
from tho .avorc.go,this valuo bocomos slightlygroatcr -
than tho avorago ohtaino,dfor tho syocimonstasted at
room tcmporaturo. A comparisonof tho tivorngoV51U6S

● Iistad in tr.blosIV and V thcroforoleads to.the conclu-- ‘“-—..—

sion that tho aluminumalloy exhtbitodpracticallythe samo
.---_

strength,ductility and notch‘sensitivityin the tensile
a impact tests at -40 F as it did at room temperature.--—

The results of a series of notched bar C$harpybending
tests at temperaturesranging from ’72°F to -’70°F are
shown in table VI. Here again the X76$-T alloy exhibited
practicallythe same energy-absorbingcapncity”atlw” feinw
perr.turesas it did at room temperatures. There was-”-a
slightlygreater energy absorptionby the specimenstested

..

O.t4%0° 3’than for the other temperaturesof the test, but
no significantdecrease in rosistanccto the‘sud.donlyap-
plied load was obtaineda.stho tempcrnturowas droppod
ovor the 142° E’range below roam tomporaturo.

ROpcatOit10aa tests for completelyreve”tisedhendinr.e-
The results of the rotating-beamfatigue.testsof unnotched
specimensof the X76S-T alloy are shown in “the—S-Nc“urves
of figure’12on which ari plo’ttedt~edatac.obtainedfrom
tests on two differenttypes of nac~=fie.=”~he”s6-testE”ware
made at two differentrates of stres~i~g,,namely,135~0”-
and 6,000 completelyreversed cycles of”stressper m—inutm.
For comparisonwith these values .f~gure13 sho~fsthe re-
sults of tests.in the vibratoryhen-ding-fatiguemac%~nes
of round, square,and rectangular“sVecimensthat wero ~fi~- “–
jetted tol.,750completelyrever~~d cycles of stre-isper-—
minute. The ‘~squareifspecimenstested were of the same--.—-..
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genor.al.c.ontourand dimensionsas the ‘roundlr~pocimo?r
shown in figure4(b) exceptthat tho re”ducod_podtion was
milled flat on four sideswith a 3-inch radius cutter
leaving‘thotest sectionsquare in cross section. KPhoOn-
&uranco“limitsof those two groups of finnotchodpolished
spoc!imonshavo boon scaledas .tho~rdinatost= tho S-M
curves at onc million, ton milMon, and ono hundredmil-
lion conplotolyrovorsodcyclos of stressand a?o Iistod
-l-n~a~lc VII.-..—

T!hovibratorybondingtests have loon carriedout to
100 nillion cycles of stressand it is felt that th~ on-
duraaco Iiinits%asod on 500 million cycles of stresswould
bc only slightlysmaIlorthan thoso listed in tho last col-
umn of tablo VII; tho data shown in figuro 12.indicato
that tho S-N curves flat”tonout, tendingto approacha hor-
izontalasymptotowith only a small difforoncoin tho or-

.-

ilinatcsto tho curvo at 100 or 500 millf.oncycles of
stress. Yigure 14 fS a photograph“oftho test sectionsof
tho fou’rtypos of spccimontcstod in tho v5bratorYbcndfng
ma-chinosand shows tho fatiguofracturesobtainodas well A
as the relativeshapes of the specimens.

It will be observedthat the endurancelimits tabulat- ●

ed for the squ~e and for the rectangularspecimens-in ta-
ble VII are considerablylower than the values obtainedfor .
round specimensin ef”therthe rotating-beamor the vfbra.-
tory bending-fatiguetiachine’s.It is feI.tthat this im-

“portant differencemay be mainly attributedto the “effects
of the Ehape of the cross sectionon the strengthof the
member and that it is not caused %y faulty characteristics
of math-inesor variationsin tho speed of testing. i~ocom-
ploto explanationfor this variationin”ondurancoliui.t
botwoon round and rectangularsyocimcnsis known at tho
prcsont tine, but it socms,probablothat tho ,~ollowing
fivo factorsmay possiblylead to variationsi-ntho fa-
tiguc-strengthobtainodfor difforcnttypes.Qf s~ocimon.

1. variationsin tho amount and directionof the
cold working and of the residual stressesdevelopedin the *
surfacefibers by.differencesin the machiningoperations
used in shapingthe spectmen.

Differencesin the amount of materialin t-heSpOC-
g

2.
imen that is “subjectedto the maximum or peak stressat
any one instantand the relative steepnessof the stress
gradientin the region of this peak stress.
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EFFECTS OF IL&NGE0)?STRESSAND OF SPECIALNOTCiiES

ON FATIG~E PROPERTIESOIFALUMINUM ALLOYS

SUI!UABLEFOR AIRPLANE PROPELLERS

By Thomas J.’Dolan .

SUMMARY

Laboratorytests were made to obtain information,_on
the load-resistingproperties of X76S-T aluminum a~y
when su%jectedto static, impact, and repeat-6d.loaiis.
Results are presented from sta~ic.loaatsst-a‘“t”~-unnotched
specimensin tension and in torsion and of notched speci.-”
mens in tension.,. Charpy impact values o%tainedfro~.Bona

* , tests on notched specimensand tension irnp&cTi’v&lutisfor” .
both notched and unnotchod specimOnstost”bdaiw~~~a~
differenttom~eratures&ro included.4 l!hccnt~-~fi-~o~~iii=
its o%tainodfrom repeatedbonding fatiguo tests mado
on three ‘&i.fforenttypes of testing machino a$o g“i%~nf“oti
unnotchedpolishod spccimonsnand the er?durance”lim”%tsof
notched specimenssubjectedto six-differeg.trange-sof
bending stressare also reported. ..... . -.

...... ..._. - —.-
l?heresults indicatedthat: (a) polis~ed rectan&ilar

specimenshad.an endurancelimit about 30 Teticeri%le’s$--than
that obtainedfor round specimens; (b) a comparisori&f =n~-
durance limits obtainedfrom tests on three-differenttypes
of machine indicatedthat there was no apparent “effectof
speed of testing on the endurancelimit for the rarigeo’f
speedsused (1,750 to 13,000 rpm); (c) the fatigue strength
(endurancelimit) of the X76S-T alloy was grti-a~-~-decreased.
by the presence of a notch in tho specipens; (d’fno com-
plete fracturesof the entire specimensoccurreain notched...—
fattgue specimenswhen subjectedto stres~”-~”y~a”s”’forwhich
the IIleanstressat the notch during the-cy~e i~as‘a‘c!”5mQ-”-
pressi.vestress;for this test condition,a microscop~c “—
cracking occurrednear the root of the notch“andwas ti&e”d
as a criterionof failure of the specimen;(e) as the “mean
stress at the notch was decreasedfrom a tensile (+) “stre$s
to.a compressive(-) stres~,it was found that the alk8r-
nating stress that could .be “Superimposed On the mean stress
in the cycle without causing failure of the specimenswas
increased,.
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INTRODUCKI!1OII

Altihoughthe fatigue strengthsof mo~t of the common-
ly used wroughtaluminumalloys as determinedllylabor-
atory tests of polished specimensare fairly well known,
little informationseems to be availabledn the relative
notch sensitivityof these alloys, especiallyfor conili-
tions in which the stressesdo not occur in completelyre-
versed cycles. I’orapplicationsof aluminumalloyi in
servicein a member such as a propellerblade, small
notches are oftenproduced in the polished surfaceof the
%lade by stonesbeing thrownup in the backwash of the
propellerduring a take-offor when taxying on the field.
These notchesact as very dnmaging stressraisers tn the .-
membcr.

The observedstressesin airplmnepropeller%lad.os
have been found to vary over wide”ranges in dtfferent
portions of the blade but usually are stressesof the tYPO ‘ “:
that might be representedby a c.om-pletelyreversedalter- ●

nating stress superimposedon a steady stress in whi-c-hthe
steady stress 5s usually a tensile stressthat may be e3-
ther larger or smallerthan the maximum nagnitud%of the F
superimposedalternatingstress. However, in some cases
the significantstressesin a member may occur at a 8ec-
tion for which the mean stress in the cycle is a compres-
sive stress;hence, for design purposes,it is nocossary
to know what maximum alternatingstressesmay bo superin-
pofiedon either tensile or.compro~sivemean str.~sso~of
various magnitudeswithout causing failure of the notched

—

meml)er.

The main purpose of the tests herein reportedwas %0
determinethe flexuralfatigue strengthsof notched speci-
mens of Q aluminumalloy, designatedX’76S-TSwhen su~~ect-
ed to six differentranges of stress in ordinaryLabora-
tory fatigue tests and to comparothese values with tho
fatigue strengthsof polishod (unnotchcd]spocimunswith-
out abrupt change in sectian. The slloy X76S-T was thought
to be weZl adapted for use in airpl~nepropellorblades.
I’or?iorecomgleteinformationOn the other mochanlcalprop-
erties of this metal, tests were also mado to obtain.tha
ordinarilydotorminodstaticand impactproperties. It

.

is planned to oxtond the program of tests to inaludotho
aluminumalloy 25S-T, which is also a high-strengthalloy
used for airplanepropollorblades. .- .-——.
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Tho tests hor~in reportedwore mado in cooperation
with the Eamilton StandardPropellerDivision of United
Aircraft Corporation,w-hichcomptiny“p&ocuro&thQ material
for test and machinedmost of tho sp-ecimcns.Tunds woro
supplioclby tho NationalAdvisory Committeefor Acronau--
tics to cover tho cost,of making th_otests.

MATERIAIIAND METHODS 02?TESTING

~ype~ of tests- ghrcc typos of test woro mado On
X76S-T aluminumalloy to determine“the“ofdinaYymechanical
propertiesof the materialas well as the fatigue strengths.. These tests may he outllnedas follows: -.. -.

1. Static tests were made of notched and unnotched
tensile specimensand Of unnotched torsion specimensto ‘de-.
termine the strength,““thestiffness,and the ductilityO-f
the metal. The term ‘unnotched~;will be used throughou~

* this report to designatospecimenswithout an a%rupt change
of section”in the portion undc?rtost~

d 2. Impact tests wore made of notched and unnotchod
tensile specimensa~d of-’stanati”iarioichodCharpy bonding
imyact specimens,at ordinaryroom temycraturosand at iOw
tompcraturosyto givo some‘indicationof the rolativonotch
sons$tivityof tho materialund.6rsuddenlyzip@licdlbads~

3. Rcpoatod load (fatigue)tgsts WOiO made in three
typos of testing mach~no,namely: (~) Eigh-speedrotaf=
ing cantileverbeam fatiguemachinesusing (small)O.1~- .
inchsdiameterround specimens; (b) Krouse rotafin~“canti-
lever learnfa%igue machinesusing sy~~cimens0.26 inch in.—.
diameter;and (c) Krouse flat-plate fatigue-iazi~hfiitis-that
sutjected.both round and rectangulq.r-s~s-cinensto”5-v-S-b&a-
*torybendingaction withoutrotat-ingth-e=te~~.p~~.-=oth
notched and unnotched“specimenswe~~‘test’tid”i= t~”6—vfbra-
tory bendingand tho Krouse cantifitier””hean-f~~~~.m~--“---––

4 chines; whereas the high-speedrot.iif-ffig-%eanmath-ifiesha-ve
been used only to determinethe endur”ahc~-limiiso~~o~ished
specimens

v..
4. Material and test specimens.-Thc aluminumalloy

tested was originally”designatedK-68 and is now ~o~~s—
X76S-T-. The chemical composition-ofthis alloy is-as‘fol-
lows: ,. ..... —

.—-

.—.-

-.

..-
=--

.—

.—
..L-_
.-

. ....
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PeaCent

Copper 0.6

zinc 7.6

Mafgnesiun 1.6

Manganese .5

Titanium .1

Iron .5

Silicon .25

Aluminum balance

e.

1

All specimenstestedwere from the same heat of metal
that was reduced,3Y the latest methods of processing,to
bars 1 inch square,which were subsequentlyswaged in a +
patr of swagingdies to 1 inch dianeterround. The bars
were then given a solutionand precipitation”hardening
heat treatmentby holding for 10 hours at 8$0° F, quonch- ●

ing in water, and aging for 12 hours at 275 F.

Tho details of tho spocimonsused for the ordinary
statictonsilotests to detorminotho physicalpro crties
of tho annotchea specimensarc !’shown in figuro l(a , and
tho typo of notchod spocimonused in.tho statictonstlo
test is shown in figuro l(h). Three specimensof each o+ “—-a
these two types were test”edin an Arnslerhydraulicuniver-
sal testingmachinehaving a capacityof 50,000pounds. .
Additionaltests were also made on tensile specimenshav-
tng the same nominal di.aneteras that in figure l(a) bU.t
having an over-al~length of about 9* inches so that a 6-
inch gage length could be employed. The originalbars as
receivedwere too short to allow the machiningof a satis-
factory specimenof the m~e standard8-inch gagQ l~ag~ht
and it was deemed desirableto to-stspocimonswith a “w
longor gage length to obtaina moro.accuratevaluo for mod-
ulus of olasti,cityof the alloYo . .-

In figure l(c) is shown tho tyyo of spc)cimonueod to
-..-*

datorininotho static torsionalproportionof tho ma@ri-
al● Tho tensionimpact spccimonshown in figuro 2(a) was
polished with No. 00 cmory paper afldtho diamotor of tho
spccimonnear tho contor was roducoda%out 0.005 inch 10SS



NACA TechnicalNote No. 852 ‘“
—

5
F

r

than at the ends to insure hieaking in the 2-inch gage
w lengths. .—

The notched tensile impact spocimonshown in figure
2(b) containeda notch machinedwith a carefullygr5~
‘GOol

4
bat was chcbked for accuracy of shape hy examining

-.
in”a otallurgicalnicroscopoat 100X- This notchdd im-
pact specirnonwas geometricallysimilarto that tifthe
notchedstatic tensile sP6cimonin-figurel(b). The
notchod bending spocsmenused was the standard Char y im-

.7pact specimen of tho,dimensionsshown in figure 2(.c. .— ..
The types of specimenused in tho ,rotating-beamfa-

tfgue machines&.reshown in figuro 3 and those tested in -—

the vibratorybending fatiguemach%ncs are shown iri_figU
uro 4. The specimenswithout abrupt chimgc df soctioh”
(3(a),3(b), 4(a), ~(b)) ~oro all polishod longitudina~~
with No. 00 emery paper and oil to romovc tool marks an~
circumforonti&l.scratchesbefore testing. All these spec-
imens were polished by one man to a“ssureuniformityin ‘-

* the polishing operations. The notched specimens(3(c)
and 4(c) were cut-with-carefullyground tools to assure
uniformityin depth, angle of the V--aotch,and ra”d{tiSat

* the root of the notch on all specimenstested. Three
faces of the notched specimenin”figure 4(c) were polishe~
longitudinally;the root of the notcha@ the face cofi-
taining the notch were left in the originalmachined con- -.

. ditioll.
— .- ->-z_.____

.-,, --—
. The nominal stress in all fatigue.speqimenswas cal-
culated,byusing.the ordinaryflexur.ef-crrau~a,.s = Me/I,
in which s is the flexuralunit strqss (lb/sq ill.)y ~~
is the bending moment at the criticaltest secfioii(in.-lb),
c is half the depth of the specimen (in.), and Z. is the
moment of inertia of the net cross-sectionalarea (in_.).
For the speciaenscontainingnotches, the values of $trQs5
giVOn in thts report ~e those at tho root of the notch
conputed.hy the fnregoingfornulausing tho values or “d:”-
and I for the wininuticross-~qct~o.nal&eQ. .—

Tho tests of rotating-beaqfat.iguospecimensworo —
$ mado in,two Krouse, 120 inch-pound’capacity,cantilever

machines of the-typo.shown iq fi.gu~.~.5, whfc”hwore GpoY- .-.
atod at 6000 rpn. ,Also.onployodweto throo small high-:
spood cantilcvorbeam macb-incsof the .tyyeskown in fig-
uro 6 that were run at 13.,O@Orpti,,

The vibr~torybending fatigue tests were nade in S~X

—
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Krouse flat-plate”fatiguti””machfnesof the type shown in flg-
Ure ‘7* In the operationof those machinestho spocfmonis #
clampedin tho viso V ‘withtho clamp O and tho pin P
romovod. Dead weights requiredtO produce the desired
stressesare then”suspendedfrom the beam at P, nnd tho “

‘deflectionsof tho beam are road on tho dial D. The
clamp C and tho pin P are then replaced;the occontric
cam E is adjustedto gi~o tho dosirodaltornati,ngpart
of the load; and the ViSO is adjusted by moving vortical-
Iy with the adjustingnuts N to produco tho roquirod
suporimposodsteadypart of tho load. The final adjustment
is obtainedand the motor ~S startedafter the maximum and
minimum readings of the dial D correspondto those ob-
tained by using dead weights. During a test this calibrat-
ion f-cmstresswas peri.odi,callyrepeatedtO prevent change
of stress due to wear or looseningof grips, but usually
only small adjustmentswere found necessaryduring the
progress of the tests.

RESULTS OF TESTS ..

Static tests.-Lowor portions of the tensile stress-
strain curves for three unnotched specimansof X’76S-Talu- *
minum alloy are shown in figme 8, and a typical comploto
stress-straindiagram is shown in figuro 9. The results
of theso three static tonsilotests on a 2-inch gago length
and throo tests on a 6-inchgage lengtharo tabulate.dIn
table I. l!hetensile tests were carriedout in-accordance
with reference-1. It was at first suspected.th~ziperhaps
the exceptionallyhigh ratio of yield strengthto ultimate .
strength (see last column of table 1) may have been due to
a cold working of the metal subse~uent~ the~iginal heat
treatment. However, severalbaxs of the alloy were given
a heat treatmentto r~move any effects of cold working,
and tho average results of sovoraltonsilo tests on thoso
troatod bars gavo yaluos almost identicalwit-hthoso for
tho spocimonslisted in t~.blo10 gho heat troatmonti=on.
sistod of heating 4 hours at 600~ F and cooling in tho
furnace,heating10 hours at 860 F, quonchi.ngin water,
and aging 12 hours at 260° 3’.

Tho avoragc valuo of”modulus of elasticityfor all
tcnsilo spocimonstcstod was about 9,’700,000pounds por
squaro inch. This valuu may IJOsomewhattoo low, howovor,
sinco tho 2-inch g.agolongt’hsused on somo of tho epoci-
mons arc too short to obtainaccuratorosultst A moro ac-
curate VCLIUOwould @grha,psba obtainodby using tho avor-

.
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age value 9,790,000pounds per square inch
specimenstested on a 6-inch gage length.

‘7

for the three

-4. -,. ---—.

The 3rinell hardness of the X76S-T alloy tested aver-
.—

aged a%out 1+6 (using 500 kg load and 10 mm ball). This
value is much higher”than the hardness of the otherpre-—-

cipitationhardeningaluminumalloys~ which usually r=nge.
from about 100 to 1,30in Brinell hardness-. ‘“- ‘--‘-–. .._ -.

The greaterportions of the tensile stress-strain:.
curves for notched specimensar=-shownin figur”e-’~mzand
the results of these three individualtests are listed in
table 11. A set of averagevalues obtainedfrom yreVious
tensile tests of notched specimensof a.structuralsteel
are shown in the last column of tablo‘1”1‘forcom~arison
with the values obtainedfor X76S-T alloy.- It will be
noted that the rolativo ratios of strcngtlis”fit~inod for
each material are of a.mproxi,inato.ly the same magni~udeox-——

copt for the higher ra~io of yio~d str”en~thto ultimate
..—....—

stren@h exhibitedby thesluminuaalloy.
.—

The intro~u”c”--
0. tion of a notch in specimensof the aluminum alloY also

cause& a much greaterproportionateloss in percentage -
elongationthan did a notch (of s-harperradius) in speci- -

* mens of structuralsteel. -r
—. Static torsion”tests were made of three solid.speci-

nens (of the type shown in fig. l(c)) and the lower ~~r-–= -“
tions of the torque-angle-oftwist curves fo-iFSi%setests
are shown in figure 11. The instrumentusOa in these
tests did not have sufficienttravel to continuere~~ngs “-‘:

J to relativelyhigh angles of twist and thoroforoit was
impossibleto d.etorminothe yiela etren’gthsof theso s_pGc-
imens for very largo amounts of offsot. Honco tho–yield
strengthsLave been determinedfor 0.05 percent offset-—.
and these values, togetherwith..the other commo~lY~afier- “
mined physical strengthproperties of the specimenstested
in torsion, aro listed in tablo 111. %or ccmsparisoti”with “-—
theso value’sthQ yield strengthsof‘the sp~~imonstested
in static tensionwero also detorminodfo-r“0.05per”c.on~
offset as well as for the more conmonlyusociValuo of O*2
porcont offsot. It will ho o’bsorvcdfrom tho datashown
in.tahlcs”I and 111 that this metal has”vory high yield

.

strengthsin comparisonwith its ultizmtc tonsilo strength
or torsionalmotiulusof ruyturo and that tho numarical
value of the ultimate tensile strengthof “thismaterialiS
somewhathigher than id usuall,yobtained.for heat-treabed
specimensof most of the contionly‘used,wrought-aluminum
alloys,
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Impact tests.-The t.ensib impact tests were made in a
standardCharpy machinehaving a &apacityof 223 foot-
pouuds by employingspecialauxiliaryspecimengrips con-
taining sphericalseats th~ were designedto minimize
tending or eccentricloading on the specimenduring test.
To~sllc impact tests weremade both at room tempetiture
71 1?and at a low temperature(-40°F) since it was felb
that any changein proye~tipsof the metal which would be
inducedby low temperatureswould be of importance.

Cooling of tho epecimcnto-the low tcmporaturowas
accomplishedby immersingtho pendulum,tho test spocinon~
and the attachedholdors in a bath of acotono containodin
a specialinsulatedbox. Tho ontiro bath was coolodby
addiug dry ico until the dcsirod tomporaturowag obtainod
and *ho bath was than mai.ntainodat this tomporaturofor
at least 5 minutes boforo testing tho spociHcn. Previous
calibrationtests in which readingsworo taken on sovciral
thmrmocouplosattachedto a specimgnindicatedthat this
interval of timo was sufficientfor thcso small spocimons
to roach a uniform tomporaturo.equal to that of tho bath.
In tho porformancoof tho actual test of tho spocimononly
about a 4-second time intervalelapsed%Gtween the ronovd.
of the box containingthe coolantand the act- fractur-
ing of the specimen;hence it–was felt ti~att-h~tempera-
ture of the specimendid not change appreciablywhile test-
ing since it was surroundedby relativelyheavy masses of
metal cooled to the same temperatureas the bath.

The test data showingthe energy requiredto rupture
each sp6cimentested and the averagevalues o.?ltai.nedfor ●

each $jroupof specimensare shown i.ntablo Ix for t-hetcst~
at 71 F and in table V for the tests at -40”-F. For yur-
posos of comparisonone may regard t-heenergy required—to
rupture tho unnotched specimens(column3) as indicativeOP
the impact strength,and the percent.agoof elongationand
reductionof area (columns6 and 9) as mOaSuroS of tho
ductilityof the materialunder these conditionsofitos~-
ingG A comparisonof tho values obtainodfor notchod spoc-
iinonswith thoso for..unnotchodspocinons(SCO columns 5 and
8) gives a rough moasuro of tho notch sons$tivityof tho
metal under rapid loading;it shouldbc notod, howovOr~
that the not-chodspobimonsof X76S-T alloy had a,srnallor
minimum.di’amctortihantho unnotchod spocimonsand honco
would bo oxpoctodto havo e somowhatsmaller strength.

.

t

l?ora rough comparisonwith the valus for X76S-T
alloy listed in tablo IV, thorc is includeda sot of data
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on ordinary structuralsteel tested under similarcoqd.i-
tions. If allowanceis made for the fact that the un-
notched steel specimenswere somewhatsmallerin diameter
than those for the X76S-T.a-lloy,it may”be seen that the
steel required.considerablymore energy to rupture than
did.the aluminum-alloyspecimensthough the relativeratio
of end~gy ah.sorbed%y the notched specimensas compared —
with that for the unnotched specimens(listedin column 5)
would pro%ablybe about the s~.mefor these two-metalsif
the same sizo specimenshad been used. .—.-. _

‘Thoaverage energy absor~odby Q specimenstested
at -.40°F (see column 3 of ta%le V) is.,bolowthat for tho
spocimonstested at 71° F; howovor, the first ‘twos“peci~
mons in colunn3 show & abnormallylow val”uoof energy
absorptionprobably ctausod%y their breaking at tho end
of tho gago length. If thoso two si@o-cimdn”sa-footi”ittcd
from tho .avorc.go,this valuo bocomos slightlygroatcr -
than tho avorago ohtaino,dfor tho syocimonstasted at
room tcmporaturo. A comparisonof tho tivorngoV51U6S

● Iistad in tr.blosIV and V thcroforoleads to.the conclu-- ‘“-—..—

sion that tho aluminumalloy exhtbitodpracticallythe samo
.---_

strength,ductility and notch‘sensitivityin the tensile
a impact tests at -40 F as it did at room temperature.--—

The results of a series of notched bar C$harpybending
tests at temperaturesranging from ’72°F to -’70°F are
shown in table VI. Here again the X76$-T alloy exhibited
practicallythe same energy-absorbingcapncity”atlw” feinw
perr.turesas it did at room temperatures. There was-”-a
slightlygreater energy absorptionby the specimenstested

..

O.t4%0° 3’than for the other temperaturesof the test, but
no significantdecrease in rosistanccto the‘sud.donlyap-
plied load was obtaineda.stho tempcrnturowas droppod
ovor the 142° E’range below roam tomporaturo.

ROpcatOit10~a tests for completelyreve”tisedhendinr.e-
The results of the rotating-beamfatigue.testsof unnotched
specimensof the X76S-T alloy are shown in “the—S-Nc“urves
of figure’12on which ari plo’ttedt~edatac.obtainedfrom
tests on two differenttypes of nac~=fie.=”~he”s6-testE”ware
made at two differentrates of stres~i~g,,namely,135~0”-
and 6,000 completelyreversed cycles of”stressper m—inutm.
For comparisonwith these values .f~gure13 sho~fsthe re-
sults of tests.in the vibratoryhen-ding-fatiguemac%~nes
of round, square,and rectangular“sVecimensthat wero ~fi~- “–
jetted tol.,750completelyrever~~d cycles of stre-isper-—
minute. The ‘~squareifspecimenstested were of the same--.—-..
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genor.al.c.ontourand dimensionsas the ‘roundlr~pocimo?r
shown in figure4(b) exceptthat tho re”ducod_podtion was
milled flat on four sideswith a 3-inch radius cutter
leaving‘thotest sectionsquare in cross section. KPhoOn-
&uranco“limitsof those two groups of finnotchodpolished
spoc!imonshavo boon scaledas .tho~rdinatost= tho S-M
curves at onc million, ton milMon, and ono hundredmil-
lion conplotolyrovorsodcyclos of stressand a?o Iistod
-l-n~a~lc VII.-..—

T!hovibratorybondingtests have loon carriedout to
100 nillion cycles of stressand it is felt that th~ on-
duraaco Iiinits%asod on 500 million cycles of stresswould
bc only slightlysmaIlorthan thoso listed in tho last col-
umn of tablo VII; tho data shown in figuro 12.indicato
that tho S-N curves flat”tonout, tendingto approacha hor-
izontalasymptotowith only a small difforoncoin tho or-

.-

ilinatcsto tho curvo at 100 or 500 millf.oncycles of
stress. Yigure 14 fS a photograph“oftho test sectionsof
tho fou’rtypos of spccimontcstod in tho v5bratorYbcndfng
ma-chinosand shows tho fatiguofracturesobtainodas well A
as the relativeshapes of the specimens.

It will be observedthat the endurancelimits tabulat- ●

ed for the squ~e and for the rectangularspecimens-in ta-
ble VII are considerablylower than the values obtainedfor .
round specimensin ef”therthe rotating-beamor the vfbra.-
tory bending-fatiguetiachine’s.It is feI.tthat this im-

“portant differencemay be mainly attributedto the “effects
of the Ehape of the cross sectionon the strengthof the
member and that it is not caused %y faulty characteristics
of math-inesor variationsin tho speed of testing. i~ocom-
ploto explanationfor this variationin”ondurancoliui.t
botwoon round and rectangularsyocimcnsis known at tho
prcsont tine, but it socms,probablothat tho ,~ollowing
fivo factorsmay possiblylead to variationsi-ntho fa-
tiguc-strengthobtainodfor difforcnttypes.Qf s~ocimon.

1. Variationsin tho amount and directionof the
cold working and of the residual stressesdevelopedin the *
surfacefibers by.differencesin the machiningoperations
used in shapingthe spectmen.

Differencesin the amount of materialin t-heSpOC-
g

2.
imen that is “subjectedto the maximum or peak stressat
any one instantand the relative steepnessof the stress
gradientin the region of this peak stress.
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3, “’Variationsof “stressacros”s.the width of the
bean.’ This”variationmay be occasionedby the wid~ beam “’
acting as a slab su%jectedto a three-dimensionalstress.
systcm or nay te ‘causedby localfzedconcentrationsof
stressat the shar~ outwardprojectingcornerswhere a
slight roughnessof the polishe’dedges would Ie”ad.t-oa pro- “
mature fatigUO fracture. --. ;

-—_
a-* Yaulty alinementof nachinos that ~OUlayroduco

additionalstrosse”sof varying amounts d.o~endingupon tho
shape and sizo of specimentostcd.. ..

-. .=
5* Variationsin yroportiosof tho metal botw~oa tho

ccntcr and outsido surfacoof the origirialbar stock from
which spocimcnsworo cut.

It was found”that mo”shof the fatigue fracturesin
the rectangularspecitieasstartedat the cornerc,which
indicatesthat item 3 or item 5 .~ayhave-been nest inpor-
tant in causingthe rectangularspecimensto appear-~U
have a lower fatigue stre~gth, Item 4 probablywas not of
importancein these testisbecause the ohly faulty-al”ine-
ments that could exist ~~ould”prod~co”either”a sin-all”tok”-” “
sional twisting of the specinenor an unsjmnotrical”bGn&-
ing in whteh the’plan~ of the applied loading ma-des.Gn@
smallangle with the longlthdinalplane Of synnietryOf the
spocinona If a twisting of tho s.pecirneriexistoa,“thoro
would lo d-e~clo-po-dshea-r”i,ngstr”e-ssoson the.cross”section
that roach a naximun value at the contoti”-o”f the long face
of tho rectangular’ spocirmn and arc zero at the “corners -
whoro n.ost of tho failures started. SiHflarly,a sinylo
conput~tionshowed that tho plane of loading would havo
to vary fron ‘choassunoa plana itiwhich.”theloads Ivcr6
suyposodlyapplied by la0 to produce only about a 5-pcrccnt,
incroascin stressduc to utisynnctricalbontlingof tho wido
rectangularspoci.ncns,and ovon this angularitywas nuch
groator than that.which oxistcd in tho r.achinos.

A corqjutationto dctorninopossible i~croasosof
—

stress duo to inortla offocts of the oscillatingspccinc”ri“-”.
imdicatodthat this cffoct added loss than about 2 por-
ccnt to the naxinun stressand woul@ not bo ~.yy.rociahly

*J aifforontfor the round as conparodwith the.r”octangular
-.

spOcincils. C?qsoquontly, sinco the ondurancc”linit of the -
roc”ta’ngular spccinons was nbout SO pdrcotit .Icss than that
of the round spocinonstostcd in the sa-ccno.chines,it is
not ~robabltithat small irrcgul~.riticsin “thofatigue- “
testing nachlncs“could”havo“accountodfor this-gr5at.dif- .— ---..

.

.
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ference,especiallysincethe spec3mens tested. for nny one
endurance limit were used intercha.n”geablyon six different
machines of the same type.

In the lower portion of.figure13 is plotted the S-N
curve for the rectangularspecimenswith a V-notch.tested
under completelyreversedcycles of flexura.1stress. 9Xo
great reductionof strengthof the specimens.causedby. tho
introductionof the notch is quite apparentby tho &iffor-
enco in ordinatosto tho curves shown in this figure. T.ho
ordinatosworo scaledat 100 million cycles of strass;tho
values of the ondurancclimits were thtisobtainedas 16,500
pounds per squareinch for the rectangularunnotchedspec-
imens and oniy.abotit‘7,500pounds per square inch for the
notched specimens. By the use of the ratio of these two
endurancelimits as a measure of the factorof stresscon-
centration k caused by the notch, a valuo of k = 2.20
is found. If this calculationis Eased on the enduranco
limit of the round specimen.s(24,000Lb/sq in.) a value of
k = 3.20 is obtainod.

In fi.guro15 is shownthe s-Ii curvo ?or rotating-
beam specimenscontaininga V-not~h similarto that used
in the vibratorybonding syocimons. In this casQ tho on-
duranco limit at 100 million cycles of stress is about
9~000 pounds por squaro inch (slightlyhigher than for tho
vibratory%onding tests),and giving a valuo of k = 2$44
when comparodwith tho cndurr.ncolitiitof 22S000 pounds
pcr squaro inch.for t-hounnotchodspocimonstostod in tho
samo machine,

.
Effects of ran~e 0f_stT~9s o,nendurancelimits of

notched specimens.-In order to.study the effect-”-ofrznge
of stress on the .endur~.ncelimit of specimenswith n V-
notch, tests wero rmdo in the vibratorybending machines
with spg;cimonssubjoctadto a mean or steady stress On
which was supcrimposoda complotclyrovorsodalternating
stress. Six difforontondurancolimits woro dotorminod
correspondingto throo difforontranges in which the.moan
stress at bho root of the notch was a .ti.o_Q.silQ..fLtrQsm, two
ranges in which the meanstress was a compressivestress~
and one range i.nwhich the -an stresswas zero (completely
reversed stresscycle).

!L!heS-ITcurves for stress cy-clesin which the mean
stressat the notch..wasa tensile stressare shown in
figure 16, and the S-N curve for the complet-elyreversed
stress cycle is ‘shownin the lower partion of fi”guro13.
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The endurancelimits for these four stress cycleshave been
obtained3Y scaling,the ordinatesto the S-N curves at
100 million cycles of stressand these values are Sh”owriin
table VIII.

For the two ranges in which the mean or steady stress
e.tthe notch was a compzu?ssivestressj-the spe”cimen-sFle-
veloped cracks~.tthe root OY the notc”hbut did not c~m-
plotely fractureeven though sub~ectedto a large.huaber of
cycles of superimposedalternatingstresswith a totar
range (doubleamplitude]of as much as 30,000 pound’sper
squaro inch. photographs of some of these cracks shotiifig
views looking down into the notch are presentedin figuro
17, and views of cracks in the side face of the specimens
at tho notch are shown in figuro 18. The small ds.r~areas
in these figuresaro regionswhore smallpieces of mo%al
havo cracked out and spalledoff, but this spallingoc-
curred only for specimenstested at rolati.volyhigh stross-
0s. E’orspocimonstostod at lower stressestho cracks
formed were very small and could-notbe seen without the
aid of a low-powermicroscope. Hence the fatigue test
data,could not be interpretedin the usual mann~r %y plot-
ting S-N diagramssand no definit”eindicationsof fail-
ure of a specimenwere evidentexcept for the microscopic
crackingat the notch; it was also difficultto determine
with any accuracythe number of cycles of stressr~quired
to start the formationof cracking. Consequently,it was
decided to assume arbitrarilythat crackswhich could be
seen with a 4-OXmicroscopeconstitutedfailure of a spec-
imen. The endurancelimitswere obtainedby testing
groups of about eight specimensat different stresses”usu-
ally varying“by1000-pounds-per-square-inchincreneii%s

. and determiningthe naxim~fistresses“thatcould be re~e~t-
ed 100 nillion times without’ causing a cracking at the
notch that would be. visible with the 40X microscope, The.
values of endurancelimit detorminodin this manner for the
two compressivestress cycles are listed in table VIII.

—

Tho offoct of tho range of stress on the onduranco
b I,irlitsof the V-notch spocimonsis illustratedin”’the

Goodman-typodiagram of figure 19 on which are p~otto~ the
data of table VIII. On this diagram thb ordinatoslYo”pro-

9 sent tho minimum stress (Smin) and the maximum stress
(Smax) of tho stress CYC1O and tho a%scissasr~prosogt~ho
corrospondiagmoan stress (algebraicavo”ra&bof Sm n

) $
and

s~ax ●
For any given mean str6”ssE%6 algc%raicdif oronco

between Smax and ‘rein representsthe-t-6ta”1rtiligeo–r_. —.
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double ampl.i.tudeof the superinpoBedalternating6tre6sthat
will cause failureafter approximately100 millioncycles .
of stress.

It will be observedthat, as the algebraicvalueof
the mean stressin the cycle was &ecreasedfron a large
tensile (+) stress tozero and thence to a compressive(-)
stress,an appreciableincreaseoccurred i,nthe te.ta.l,al-
ternatingrange”of,stress requiredto cause failure.
This result is shownmore definitelyby the curve in fig-
ure 20 in which the ordinatesindicatethe total alter-
nating stressrange (Snax- Snin) and the abscissasrep-
resent tho correspondingmean stressin each style.

~onsideringthese data and t-hefact that no fractures
occurredin the specimenstested with conprossivomean
stresse~at tho notch, it is evident that this aluuinum
alloy can withstandconsiderablygreatermagnitudesof su-
perimposedalternatingstresseswhen the nean stressIs
decrQasedfrom a tensilo to a comyressivc.stros6.

DISCUSSION03’RESULTS

~no of the most striking.resultsof tho tests is the
factthat carefullypol~shodroctnmgularspocinonsof tho
X765-Talloy 6xhibitodan ondurancolinit a30ut 30 porcont
loss than tho.valuesobtainodfron polisliodround epoci.-
mcns tested in throo di.fforonttypos of nachino: Sornowhat
similarresultsalso indicatingthat the shapo of cross
section of a test spocinoqaffects its fatiguo strength
wora rocontl,yindicat-otin data includedin roferonco2.
In this.report speci.nonsof rectangularcross sectiongavo
values of floxuralfatiguo-onduranccIirlitsof two stoO10
that ranged from O to 11,000pounds yor squaro inchlowor
than t-hoseobtainodfron s~ocinonsof circularcross SOC*
tion. Thc)sodifferoncosworo notod wh~n conparingtho re-
sults of four individualt-ostsof tho sano two hillots of
Stoolo

Perhaps ono reason for tho apparentwoaknoss of tho
rectangularspocinonsis tho fact that tho sharp outward
projectingcornorsaro inhorontlyweak bocauso they aro
difficultto polish withoutIaavingnlnuto cross scratches
or foathorodedges that offor convoniontnuclei from which
a fatiguo fracturonay readily start. Tho data obtained
from the tests of unnotchedrectangularspocinonsshowed
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considerablyn’oroscatterwhen plottotion tho S-N curva
of figure 13 than did.the test results for the other types ‘“
of specimen. perhaps this result may have been caused hy
slightvariationsin the roughnessof the sharp projecting
corners since most of the rectangularspecimensfailed
with a fracturestartingat a corner.

In order to test this hypothesisthree rectangular
syecimenswere modifiedby rounding off the cornersto a
radius of approximatelyone-sikteenthinch and polishing
carefullyin a longitudinaldirection. One s~ecimenwas
then tested in completelyreversedbending at a stress of
22~000 pounds per square inch and ran more than 100 mil-
lion cycles.ofstress without fracture. A comparisonof
this specimenwith the data plotted for the rectangular
unnotched specimensin figure j.~shows ~tia~””acoms~d.erahle-.-—.-.

increase of life was ohtainodby rounding‘offthe corners.’.—

The other two specinenswere tested at 25,000 and
26,000 pou~ds per square inch and failed at about 300s000
CYC1OS of stress,which was slightl;yshort of the normal.
S-N curvo for the rootangularspecimens. This scatter of
&ata for all rectangularspecimenstostod indicate-sthat
thero may have bcon somo mechanicaldofocts (~uch as in-
clusions or residual strossos)near the surfaco of tb-oorig-
inal bar stock that haa a tondoncy to docroaso the fatiguo
strengthof the (larger)rectangularspobimons~ —

A comparisonof the ondurancolimits of tho round
specimens(last column? table VII) inaicatoslittlo or no
effect of spood of tostin

f
within tho rango of s~eods

(from 1,750 to 33,000 rpm used in tho tests, Tho diffor-
onco in numericalvalues of tho cndurancolimits may bo
accountoi!for by small difforoncosin tho %oha~ior of tho
thrco typos of testing machine aud by slightvtiriations
in difforcn%bars of tho samo mot~~; however, thortiis alu
ways a possi%i~itythat a slight cQ_angoin gndurancolimit
of tho metal that,uightresult from a change in s~ood of
~csting may hayo loon offsotby a change in charactoris- -
tics of ono of tho testing machines.

It is important to noto that thp Alloy X7’6S-Tis much
strongorin static tension-andhas a higher floxural fa-
tiguo strengththan tho othor commonlyused aluminumal-
loys. Howovor, tho alloy,axhibl”toaa fairly h-ighnotch
sensitivityas dotcrmincdby the reduction of fatigue
strengthof notchod spocimonsbelow that of the polishod
unnotclzodspocimons. When sub$octodto a seryicocondition.



16 NACA TechnicalNote No. 852
r

such as that in an a.irplanopropollor,whoro tho faco of
tho hlado is ofton scratchedor notchedby stonesthrown
u-pduring a ta.ke-off.sthe fatigue strengtho&the metal in
a notched conditionis of primary importance. It is quite
possi%le that notched specime.isQf.some of the other alumin-
um alloys may exhibit fatigue st.~epgthscomparablewith
those oltainedfor notched spec~rnens.of.x76S.-Z.allOyeven
though the ~76S-T alloy appears to have-z.coag~dercbly
higher fatigue strengthwhen a comparisonIS nade on th~
basis of results obtainedfrom polishoduano.tched speci-
mens. It is planned to repeat this series “of tests with
the aluminun alloy 255-T so that n.closor conp.!Q?i90nof
their relativenotch sensitivityand the rolntivc effect
of rango of stress on notched Spo-ulnonscan””boobtai.nOdO

In general,tho results of tho fatiguetests with
notchod specimensindicatedthat tho notal could withstand
a groatcr altcrnati.ngstressrango without tho forrmtion
of fatiguo crackswhen the mean stressin tho CYC1O was
changedfron a tensile &o-a compressivest-fie”~s~In addi-
tion, the fatigue cracksdeveloped:at the root of a notch
did not spreadrapidly when the dean stresswas compres-
sive and no completefrticturesof the-.specinenswere ob-
tained even--whenstressessonewhntabove those requiredto
produce crackingwere repea.tmil100.nillim~ tines. Thus$
if’s notched men%er were designedto operatewith the noan
stress (-atthe notch) a con-pressivestress- an additional
f~wctorof s~fety?WgainstcOnpLetefracture- would exist;
any fatigue crackingat thQ notch could probablybo de-
tected %y periodicalinspectionslong lofor&thQ cracking
had developedto a dangerousextent.

I’or example,if tko areas of a propellorblado that
are most likely to bo nicked or scratckodin sorvicocould
bo dosignodto oporat~with a comprcssivonc~n.mtrcss on
which is supori.nposodthe floxurr.1vibrationsthr.tnornall~
occur i.nflight,it is probablothat tho blado would offor
grontcr rosistancoto tho fornationof fatigue cracks
caused by the vibrations;furthornok”c,oven if cracks did
fern in thoso areas &hey would developrelr,tivelyslowly
aridwould bo readily visiblolong before.con~lotof$acturo
of tho blade was iuninont.

.

‘u

.

CONCLUSIONS

The followinggcnera~conclusionsfron this so~i~s Of
nochanica.1tests on X76S-T ?.luni.nu.nalloy seen justiffcsd:
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1.” The static’,.elastic,and ultimatetensile strengt-hs.
and the Brinell hardness of X76S-T-alloyare higher than
those of the other commonlyused aluminumalloys.

2. The alloy has a ductilityand a stiffnessthat are
only slightlysmallerthan those of the other strongalumi-
num alloys, such as25S-T. .—

3. The tensileyield strengthof X76S-T is very high
in relation-to its uItimate strength (approximately0.9 of
the ultinate);where,as,for other aluminumalloys, it is-a “
much lower proportionof the ultimate strength (a%out0.6
for the case of 25S-T.).

4. Teu~ion impact tests of notched and unnotched spec-
imens att,-40F and tests of Charpy ngtched“b,arbending
specinensat tem~eraturesdown to -70 )?indicatedthat the
ductilttyand the energy-absorbingprope~.tiesof the metal
were not nateriullyaffected%y a large drop in the temper-
ature of t“esting below room temperature. .

..-

5* V-notcheswith 0’.01inch radius at tho root c~used
large docreasegin elongationin 2 inches and in the energy
required for rupture in the tension impact. tests.

The flexuralfatigueendurancelinits df polished
(unno~~hed)specimenswhen subjectedtoiconpletelyreversed
stress cycleswere found to vary as the shape of cros”ssec-
tion of the specimenwas changed. Tests of rectangular.
specimensgq~ an endurancellmit about 30 per-centless than
that obtainedf-orround s-pccimenstested in the samo machine.

7. Tests of polishedrotating-beam~Pecimf3Rsin two
difforcntnachines gave endurqncelitiitsof 21,000-and ‘“”
22,000,poundsRor squareinch, respectfve~y,“whenbased on
-500million cycles of stress. ‘Zhes6values aro somewhat
higher than the endurancelimits’of tiostother aluminum
alloys.

8. Tests of polished specimenson three differentma-
chines operatingat differentspeeds gave endurancellmits
ranging from 22,000 tO 24,000~oun~s per s~uar~-’~riahat
100 ElilliOncycles Of stress. Hence there was no ay~reci-
a%le change in the endur~ce limit under these test condi-
ti.cnzsaS the speed of testingwas varied frou 1,750 to
13,000 rpm,

—

—-

—.——

9. The introductionof a V-notch in the test section
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decreasedthe fatigue strengthof
reversed cycles of stressto only

No. !352“

the alloy for complet~ly
31 to 41 percentof the

strengthof polishedround specimens,depeadingsomewhat
on the shape of the member tested.

As the mean or steady stressat the notch’was de-
creas~~”froma tensile (+) stress to n compressive(-)
stress,tho total .nIternati,ngrauge of stress that could ho
rosistodby th~ notched spocinonswithout causingfailuro
graduallyincrcasodfrom a rango of 9,000 pounds ‘persquatio
inch for a tensilenean stress of 14,500pounds por squaro
inch to a rango of 17,000pounds por squa.roimch for a Q.QJ!A-
pressive motanstress of 8,500 pounds por squaro inch.

8
11. The notched speci.monstcstod with an alternating

stress superimposedon a steadycompressivestressoffored
n grer.torfactor of safetyagai,nstcompletefracturethan
for the other stress cyclesinvestigated. Tho endurance.
limits for the specimens tested in the compressiverangeo
worobasedonly on a microscopiccrackingas a ariterio,nof
fai.luretand the specimensdid not frncturoeven though
stressesconsi,derallyab.ovothese endurancelinitsworo X0-
peated o,largo number of times,
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Spec@a

(a)
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., ‘ i.AtILEI - STAiICTINSI~TESTS~ @6S-TM.LOY

[ &-in .+tLameter uotchd- specimens h fig. l(a)]

Yield strength Elongation Momus
of

31astiui.ty

Ratioyield

(o.~~e%et )
totensile
etrangth

Ultimate
etrength

Reductior
Sf area

(percent)

in 2 In.

(percent)

M.o

17.0

19.5

20.0

20.0

20.5

19.2

Ln6in.

f,peroant )

10.7

U*I3

“lld

----

----

#---

il.4

).05$offset).2%offset

o.w6El.

T42

23 ,-

TI

T2

T3

62,3ctI

64,500

63,600

67,000

62,000

65,500“

64,200

66,000 45.6

3993

46.1’

35*5

37.8

39.5

40.6

9*73X10’

67,400

67,200

72,100 9,.72 x“lC+ .ggs

.s767e,,600 9.93KIf)(

.9;069,300 74,4NI 9.60x10’

64,600 71,400 9*57x106

9.5gx 10’

‘go(jg\ 10
. .

.&g

6g,500 73,500

72,50067,200Avera&

aE specimensteetadwitha 6-ti,gage length.
T specl.meng teeted Mth a 2.3.rILgage length. ‘

b ,’
The aver~~ modulus of ol&tj.city ior the threa Spocimons ,tested with the &in~ &go length was

9,790,Molb/sqin. .,

I 1

1

1 :!

I

I
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Specimen

L13

N14

NI.5

Averago

struc-
tural
steel
(a)

TMIK%II- X!MIC~SIM TIM!S~ EO!COHEDSPE@lE2!S

~ lmgth2 in.on”+-in.-diemeternotshed specimens shown in fig. l(b) ~

J
Zatio of yield
strength at
root of notoh t<

Yield atrmgt Y i,eld strongtl

of U?2iotchd
(lb/sq h.) *octi*~

T

0.0 0. 0.05$ 0.2$
offset offset offset offset

Ultimate
strength

(llJ/sqin.

Ratio of ten-
sile strength

at root of
not’ehto tan-
sile stremgth
of Unnotshed
specimms

Elonga-
tion in
2 in.

(percent)

t35,6Qo93@o 1.32I 1.3s I 97,7~. I 1.34 I 2.(J

g6,Wo 94,0001.34I 1.39 I 97;7@3 I 1.34 I 2.0

82,mo]90,60011.28I 1.34 I 94,7al 1 1.30 I 1,5

85,06692,5301.31 1.37 96,700 1.33 u-j

------g ,s00--– 1.46 i32,1Cxl 1=9 10.0
1

I-4

ae.tioof Ratio of
elongation yield
of notohad strength
speoi.mmu3 for 0.05$
to elonga- offseijto
tlon of tensi,le
UDnotchea atrength

Wectims (Ilotdmd

apecim~s)

0.10 o.g76

.10 .ggo

.07 .Ef75

.W .EWo

.241 .632

1

‘S-pecimons of same tppe as those in fig. 1(b), exoapt that a very mall radius ( ahsxp oornor)
was used at tho root of tho notch.

\

* . .

.—



.

.

.

NACA TechnicalNote No. 852

T&81JZIII- STATICTORSIONTESTSOFX76S-TALLOY

[Gagelength2 in.onO.56-in.=diam.spectien
she- infig.l(c)I

I Yield

Specimen strength
0.05~oftset
(M/sq in.)

S1 39,goo

S2 y3,900

S3 39,goo

63,goo 4.02xlo~ 0.623

62,000 3.97x 106 .627

65,000 4.18x 10s .613

63,600 4.,06X,103 .621

.
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Spection

Unnotched

7

9

12

KL4

A15

A16

Averege

Hotched

W’

W

ITg

-.---.-

-.-----

-.---.-

go.2

.

IULE IV - TENSIONIMPAOTTZS!CSM 71° F

3 I 4

Ener~ to qpture

urcot~;
(a)

77.2

90.9

g4.g

75*7

73.2

6g.4

stp.v.c-
tllral f
steel 107.5

9)
Notched

(b)

7.6

11*O

g,l

.--_---

-------

-------

25.3

5
lner~

rat i.o

(c)

------

------

------

------

------

--...---

O.m.

0.235

6 7
Elongation in

L@LLQ!
Unnotched

9.0

13.0

(e)

U?*O

12.0

11.0

11.4

*31.5
—.. —

&

2.0

2.0

1.5

-.-_.—+

-------

-------

l.g

4.5

L?

?I1.OngatiQn

rat to

(d)

‘ ----------

----------

------—-

----------

-.---_----

-----------

0.Uy3

0.143

9
Reduction of
srea, (percent)
U’nuotched

30.2

37.13

36:3

----------

a~otched spectiena” are tho6e without abm.q?tchangein section as shownIISfig.2(a).

%-notd~ection =tioninflg. 2(b).

%atlo of energy to rup+mre notched specmns to ener~ to r@aremotchod specimens.
&wtio of e~o~tion of noidl* specimen to elongation of U.nnOtM@ispednen.

‘Specimen broko at end of @ge length.

‘Specimens of steel vfere O.~in.- diem. inetead of the 0.250-M.-d@n. epecimons used. for X76S.T.1

.
●

✎
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TABIJI”T-

314

3?SION:
5

Ener&
ratio

(c)

------

.-----

------

?ACTTIKN?SAT -40°
6 I 7 a

Energy to rupture
(ft-

ElongatiOn in

2 in. (peroent)
Reduction of area,

(percent)

Unnotohed

36,2

313,0

37=7

37*3

36.4
,’

37.2

Ratio

Notched

no

Nll

N12

Hotchod
.,

Umotched

g

10

M

B14

B15

m6

Average

Unnotichti
(d

ey.1

‘36.5

94*4

go,g

75*7

80.”7

hnotched
(d)

7*3 e L..4---

e------

14.0

12,0

11.”5

11.0

12.1

1.5

2.0

200

------

10,1

7,3

--------

--------

------

g*2

-----

------

-------

------..

------ -------

--------

‘67,7
H
0
*
(D

O.olglog
-

%nnotched spe.lmam are those without abrupt change in section ae shown infig. 2(a).
bY-notch specl.men as uhownin fig. 2(b).
O&tio of ~er~ to rup~re notohed spec~~s to aner~ to ~hu’e WtChd specimens.

d~tio of elo=tion of ~t~~ spec~m to elongation of unnotohed specimen.

especimen broke at end of gagQ length.
$.Cmitting specimcms g and-10,. which broke near shouldered ends of specimen, this averageenergy

booomos g2,9 ft-lb.

Nw’
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TABLE VI - CEA.RPYBENDING TESTS

cUsingnotchodbar ,spocincnsshown“infig. 2(c)]

Tenporature Energyabsorbod
Specimen of test

(or) (ft-lb)

A7 72 9.1
A8 ?2 9.6
A9 72 %.6

llvorago- ?2 9.1

A12 . 30 8.9
B7 30
B1O , 30

Lverage
x

30 .t 9.1

38 -40 13.4
311 -40 11.2
All -40 12.3

Lverage -Q() 12.3

B9 -70 8.6
B12 -70 9.1
A1O -7a 8.6

Lverage ‘y 8.8

.

.

.

.

.

-. .

,:
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T!AELEVII- ENDURMOELIMITSOrUNNOTCID3DSPECSHENS”

COMPLETELYREVERSEDSi!RXSSCYOLE

.

25

[Spocimons,withoutabruptchangeineoction,oftyposshownin fig.J(a),
3(b),and4ih):j

ShapeofDepthof
spo.cimonspecimen

Machino at tie~tat test
sectionsOction

(in.)

Rotating canti-
lovorbeam

Do------

Vibratorybcnd.i~.

Do,---
.

Do,-----

Round 0.26

--do--- .14

--so --- .26””

Roctan- .2k
gular

Square .25

Endurance limits, (lb/sqin.)

for for for

10= CyClos 107 cycloG 108 Cycles

33,000I 26,‘W I 22,000

30,000 24,500 I 22,500

2k,ooo 18,500 16,500

24,000 20,000 w,500

,.
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TKBLEVIII- EFFECTOFRANGEOFST.RESSON

OF NOTCHEDSPEOIMENS

. ~Msod on100millionCYC1OSof

852 .

ENDURANCEIiIMITS .

strose~
positivo strosscs sxo tension; ncgativo, coqrossionj

Typo of stress vexiation

Maximum
stress in
Cycle, &

(lb/sqin.)

Zerotomax.in compres-
sion

+%00,0lb/sqin.tomax.
incompression

Completelyreversed

Zero tormx.in tension

+5,000lh/sq in. to max.
in tension

+10,000lb/sqin.tomax.
intension

o

+4,000”

+-7,500

+13,000

+-36,500

+19,000

Minimum Moanstress
Stressin illCyclo
O@l.Osmj.n

,

(lb/$qin.)(lb/sqin.)

!t!Oiml
altcrmting

stress
rango

‘&x- Smin
(l?)/13qin.)

-1-7,000-g,500 17,000

-12,0m
I

-4,000

:7,500 0

0 +6,~00

16,000

15,000.

13,000 .

+5,000 +10,750 11,ym .

-F1O,OOOI +14,500I 9,000

.

.
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FIG. 1.-

, t

SPECIMENSFOR STATIC TESTS.

‘(a)Statictension- unrkhed

(b) Stotiotension-notched

t-t’:

..*
/

E
FIG.2.- SPECIMENSFOR IMPACT TESTS . j

.[

~

(a) Tensile impaot- unnotched

*$Iy’-’+ ,m wq-
‘ (b) Tensile impact- notched ,

Y3zJm””
l--—-z’-- kl”

(c) Charpy impacl bending

I

(c) Static torsion



. ,

FIG. 3.- SPECIMENSFOR ROTATING-BEAM

FATIGUE MACHINES.

?’
(a) Utmotch6d spac”mn

1

.

(b) Small, unnatchod epacimen

‘* 3“
(c) Notahed spOCirfIan

“FIG.4.-SPECIMENSFOR

VIBRATORYBENDINGFATIGUEMACHINES.

(a) Rectangular, unnotchad specimen
\ i’

9 $’D

I
1 I

1
I ,1 ,

I +T

7“
‘3”R

(b) Round, unnotched specimen

5 A
t I

(c) Rectangular, rmtched specimen
?-4
-e



NACA TechnicalNoteNO.852 Figs.5,?’

Fi&me,5.- Krouserotatingmwtilever beam fatigue
testingmaohine.

. ,. —— - . _..———

Figure 7.- Krouseflatplate fatiguetestingmachine.
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Figure 6.-6mallhigh-spepd
cantileverbeem

fatiguetestingmaohine.

RI,uure 14.- Fraotured vibratory
bending test speoimene

,,

I
“J
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FIG8.-STATKJ TENS LEI TESTS — X76S-T ALLOY.

1!
:-

z
K
1#

‘fJwl
!
m
pwoo
;
.
;-

IQOOO

0
0 0.4 Cla 1.2 1.6 0 0.4 0s U? 1.6 0 0.4 M 1.2 I

,.
UNIT 9TRMN - PERCENT
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IAOATeohUiOd.)IOtE10.85~ Figs. 9,13

1-
FIG.9.- TENStLE TEST - X765-TALLOY.

1“
~,

.2 IN.~A~ LENGTH- 1/2 IN.DIAML

UNIT STRAIN IN PERCENT

FIG.13.-
VIBRATORYBENDINGFATIGUETESTSOFX76S-TALLOY.

CompletelyReversedSiress Cycle

9

CYCLESF~ FRACTUREN
bindicatos speclmandid notfall
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FtG K).- ~TATIC TENSILE T ESTS OF WTCHEO SPECIMENS E

(YX 76$-T Al LOY.
E
~
:

Iz.

/ A/ A I

I

&-LL-Lu’””’ ‘“ Ill

// 1 -wuy.&”

// “,/“
SHAPE W IU)TCH

-. ,=,

00 I I I I l’/l 1 I I I
Cuo.z a3a4a MOJOC4 o.20,ao.4uia6cb70 O.I 0.2 Od 0.4 Lao 04 0.7 M 0.9 1.0 1.1

1 1 1

UNIT STRAIN- PERCENT \
z
y

~



FIG 11.-
04

>TATIC TORSION TESTS - X76 S-T ALLOY.
i

~21NQA621FNG Ttl:OSl~ E

‘1 I

I
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FIG. 12.- ROTATING-KAM FATIGUE TESTS W
lRIJNOTCl+EDX765-TAUOY SPECIMENS.

CarnpiefelyReversedSfresS Cycle

,
I

b ,

i?+
e

FIG. 15.-
KWATING-BEAM FATIGUE

i
E

OF NOTCHEDX76.YTALLOY SFSCIMENS. ~

~Y REVERSED STRESS CWLE :
%
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FIG.16.-VIBRATORYBENDINGFATIGUETESTS

.
I

OF NOTCHEDSPECIMENS.
Specimensof Typo Shown in Fig. 4(c)

I& Id I&” 10S -
CYCLESFOR FRACTURE,N

Stressr~e-10,0001b/6qin.isndonto max.tension

spedmenof type shownin fig. 4(0)
O--Indlcotas spoclmtn iid not fdl

.

CYCLESFOR FRACTURE,N
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.
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y
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.—
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T--
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“:-A -:’—--“

--—— -.-.—. -- -— ———— -.; ..–

‘ Figtqe17ato c.-Oraoksformedat root of notchin specimens
testedin compressivestreseeyoles.

(Msg.40X).
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.-



NACATechnioalNoteNo.852 Fig. 18

.

-..

Figure18atod.-Craoksat endofnotchin specimenstested
incompressivestresscycles.

.
.
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IkEEll:
;“0 GOOIMAN. TYPE DIAGRAM.
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f:
Effwt d Stros6 Ran@

an Endurance Limits

I
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of Notcfwd Spodmana
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/
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FtG. 20.- EFFEGr OF MEAN STRESS

ON ALTERNATING STRESS RANGE.
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